The major objective of metabolic engineering is the construction of industrially relevant microbial strains with desired properties. From an engineering perspective, dynamic mathematical modeling to quantitatively assess intracellular metabolism and predict the complex behavior of living cells is one of the most successful tools to achieve that goal. In this work, we present an expansion of the original E. coli dynamic model [1] , which links the acetate metabolism and tricarboxylic acid cycle (TCA) with the phosphotransferase systems, the pentose-phosphate pathway and the glycolysis system based on mechanistic enzymatic rate equations. The kinetic information is collected from available database and literature, and is used as an initial guess for the global fitting. The results of the numeric simulations were in good agreement with the experimental results. Thus, the results are sufficiently good to prompt us to seek further experimental data for comparison with the simulations.
Introduction
In the last years a variety of mathematical models have been published in the literature for microorganisms with successful industrial applications [2, 3] . However, when a more detailed investigation of the complexity of genetic and metabolic pathways is desired, models that incorporate intracellular metabolism are necessary. One of the most suitable large-scale cell models are the models that account for dynamics at the enzyme and metabolite levels. Dynamic modeling provides a basis for prediction under various perturbations and can be applied to enhance the yield of desired products [4] . Dynamic models of microbial organisms are not a new issue and several works for E. coli are reported in the literature [5, 6] . However, in all these models, parts of the metabolic pathways are extremely simplified or omitted and more information is necessary to incorporate key metabolites and elucidate regulations of branched biosynthetic pathways. The central carbon metabolism plays essential roles in the cell, providing energy metabolism and precursors for biosynthetic reactions. The initial point of our work is the large scale stationary model of Chassagnole et al. [1] that deals with the metabolic network of the central carbon metabolism (phosphotransferase system, glycolysis and pentose phosphate pathway) of E. coli. This original model was modified to introduce the TCA cycle, the glyoxylate bypass and the acetate metabolism. In the last years vast kinetic information has been accumulated for E. coli [7, 8] , however the next logical step, which consists on the integration this information, so far has been lacking. Therefore, in vitro kinetic information available in databases and literature was collected and replaced in the reconstructed model of Chassagnole et al. [1] . This reconstructed model was then used to test the consistency between the in vivo system and the parameters of the isolated enzymes (data not shown), prior to its use as an initial guess for the global parameters fitting. Model validation was also performed through comparison with experimental data. In this contribution, we give a brief overview of the project -large-scale dynamic model construction of E. coli which is now being developed in our group (see Fig. 1 ). In addition, results of the E. coli dynamic model reconstruction based on mechanistic rate equations are presented.
Development of the Reconstructed E. coli Dynamic Model and Simulation Experiments
The present model is based on a previous metabolic part of E. coli central metabolism model proposed by Chassagnole et al. [1] . The model was modified based on reversible Michaelis-Menten kinetics with non competing product-substrate couples for most enzymes to represent the TCA cycle, glyoxylate bypass and the main pathways involved in the acetate metabolism (phosphate acetyltransferase (PTA, EC 2.3.1.8) and acetate kinase (ACKA, EC 2.7.2.1)). However when a specific enzyme had been characterized in the literature with respect to the kinetic structure, then this type was used, such as, for isocitrate lyase (ICL, 4.1.3.1) [9] , and PTA [10] . This reconstructed model consists in a total of 37 metabolites and 44 reactions (31 reversible). The biochemical network is based on publicly E. coli database EcoCyc [11] and the reaction branching from -ketoglutarated for precursor biosynthesis was added as described by Zhao et al. [12] . On the other hand, the in vitro kinetic parameters used in the model (maximal reaction rates, Michaelis-Menten constants, inhibition and equilibrium constants) of the rate equations are derived from the literature [13] [14] [15] and accessible databases [7, 8, 16] . The steady-state concentrations of the metabolites not measured for the integration as initial conditions are taken from literature [17, 18] and estimated from a near-equilibrium assumption with the respective equilibrium constants for each reaction from thermodynamic data [19] . The kinetic parameters were then adjusted to fit the model to the measured metabolites concentrations during the steady state in an available pathway modeling tool [20] . The parts of representative results of simulation (with both original and reconstructed model) and measured time series for metabolites concentration after a glucose pulse are shown in Figure 2 . The discrepancies in metabolites concentration between experimental data and predicted simulated values from the reconstructed model were relatively small. These results indicated that the reconstructed model successfully reproduces the experimental data, but more experimental data are necessary for their validation.
Concluding remarks
In this work we developed a dynamic model of the central carbon metabolism that is based on a previous model from Chassagnole et al. [1] but was expanded by introducing the TCA cycle, glyoxylate bypass and acetate metabolism. The applicability of the model is certainly limited by the approximations made, but the good agreements of the simulation results are sufficiently encouraging to prompt us to seek further experimental data for comparison.
